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Abstract 
Lithium meta titanate (Li2TiO3) is one of the most promising tritium breeding candidate materials. In this study, the 
nanocrystallites lithium-titanate with hexagonal and cubic crystal structures were synthesized at low temperature, 200°C for 12h 
by the hydrothermal method. The results showed that the monoclinic phase of Li2TiO3 nanostructure with high purity can be 
synthesized by further heat treatment of the hydrothermal synthesis powder above 700°C. In despite the heat treatment, electron 
microscope and X-ray diffraction analysis showed that the synthesized compounds had grain size smaller than 120 nm. Li2TiO3 
was also prepared by a solid-state reaction in order to study the influence of the synthesis rout on the morphology and particle 
size. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
Keywords: Hydrothermal synthesis; Nanocrystallites; Li2TiO3; Tritium breeder. 
1. Introduction 
The breeding blanket is a key component of the fusion reactor because it directly involves tritium breeding and 
energy extraction, both of which are critical to the development of fusion power Abbasian et al. (2013). In the 
development of tritium breeding blankets, the lithium meta titanate (Li2TiO3) is considered as the leading candidate 
material because of its fairly good tritium release property at low temperatures (200 to 400ºC) and its low activation 
characteristics Sinha et al. (2010). Conventionally, Li2TiO3 ceramic is produced by solid state reaction of a powder 
mixture of Li2CO3 and TiO2 Mandal et al. (2010). However, this method to synthesizing ceramics requires a 
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calcination step at high temperature for enhancing the diffusivity between raw solid materials, whereby resulting in 
the increase of grain size and impurity. Various methods have been intensively investigated to overcome such 
drawback. They allow a better control of the granulometric distribution and lead to highly pure Li2TiO3 nanocrystals. 
For example using a hydrothermal method, Laumann et al. (2010), Yu et al. (2014), combustion synthesis, Cruz et 
al. (2006), Jung (2005), Sinhaet al. (2010), Zhou et al. (2014), sol-gel process, Deptula et al. (2006), Hoshino et al. 
(2009), Wu et al. (2008), Wu et al. (2009), microwave heating Yang et al. (2008), polymeric precursor method Jung 
et al. (2008), Lee (2008), and in-situ hydrolysis Li et al. (2012). The hydrothermal technique provides an excellent 
possibility for processing of advanced materials whether it is bulk single crystals, or fine particles, or nanoparticles. 
Hydrothermal syntheses have gained importance due to their low energy demand as green chemistry methods. The 
advantages of hydrothermal technology have been discussed in comparison with the conventional materials 
processing methods, Yoshimura and Byrappa (2008). Few studies have already described the preparation of Li2TiO3 
using the hydrothermal method. In the present work, nanocrystallites of Li2TiO3 were obtained by an original 
synthesis procedure using a sol-hydrothermal method (hm). For comparison, Li2TiO3 powders were also synthesized 
by using the solid-state reaction (ssr). 
Nomenclature 
hm hydrothermal method  
ssr  solid-state reaction 
2. Experimental Procedure 
2.1. Chemicals and Instrumentation 
Tetrabutyl titanate (Ti(C4H9O)4), lithium nitrate (LiNO3), citric acid (C6H8O7), ammonia (NH3·H2O) used as raw 
materials by hydrothermal method. Li2CO3 (purity: 99.99%, wt.%) and TiO2 (purity: 99.99%, wt.%) powders used 
as the starting materials to prepare Li2TiO3 powder by solid-state reaction method. Crystalline phases were 
identified by X-ray diffraction (XRD, philips, PW 1800, Cu kα, Netherland) at room temperature. The morphology 
and particle size of the powder were observed by scanning electron microscopy (SEM, Philips, XL30, Netherland) 
and transmission electron microscopy (TEM, Philips, EM 208 S, Netherland). The thermal behavior of the samples 
was conducted by simultaneous thermal analysis (Polymer Laboratories STA-1640). The size distribution of the 
powder was determined with a laser particle size analyzer (Fritch, Analysette 22, Germany). 
2.2. Preparation of lithium meta titanate powders by hydrothermal synthesis 
LiNO3 and Ti(C6H6O7)2 were used as the lithium and titanium sources, respectively. Citric acid (C6H8O7) was 
used as the chelating agent. The pH of the solution was adjusted by ammonia (NH3·H2O). The formation of the 
Ti(C6H6O7)2 sol was similar to that reported previously by Wu and coworkers, Wuet al. (2008). However, the molar 
ratio of tetrabutyl titanate (Ti(C4H9O)4) to citric acid (C6H8O7) was fixed at 1 instead 0.5. The molar ratio of LiNO3: 
C6H8O7:Ti(C6H6O7)2 was 4:1:2. After preparing the solution, the volume raised to 200 ml by adding distilled water. 
Then the solution was placed into a 1000 ml stainless steel autoclave equipped with temperature and pressure 
sensors, sealed and heated at 200ºC for 12 h. after the hydrothermal reaction complation, the autoclave was cooled to 
room temperature naturally. The prepared products were separated by centrifugation and washed with distilled water 
four times away the unwanted ions. 
2.3. Preparation of lithium meta titanate powders by solid-state reaction 
Li2TiO3 was obtained by firing a homogeneous stoichiometric mixture of Li2CO3 and TiO2 powders at high 
temperature in alumina crucibles. The crucibles containing homogeneous mixture of titanium-dioxide and lithium-
carbonate were kept in a muffle furnace. The temperature was increased up to 150 °C in 2h and then increased to 800 
°C which was maintained for 24h. 
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3. Result and discussion 
3.1. XRD analysis 
Fig. 1a and 1b shows the XRD patterns of the Li2TiO3 synthesized by a solid-state reaction at 800°C for 12 and 
24 h and hydrothermal synthesis at 200°C for 12 h, respectively. The complete crystallization of Li2CO3 and TiO2 
powders mixture was occured after calcination for 24 h. It can be seen that the monoclinic structure formed 
according to PDF card No. 008-0249. Fig. 1c and 1d presented the XRD pattern of the hydrothermal synthesized 
Li2TiO3 powders for 12 h at 200°C recorded after hydrothermal treatment and subsequent heat treatment for 6 h at 
700°C, respectively. The pattern indicated a mixture of cubic and hexagonal structures formed after the 
hydrothermal treatment according to PDF cards No. 003-1024 and 040-1053, respectively. After heat treatment of 
hm sample, the patterns reveal monoclinic structure. No characteristic peaks of other phases were detected and all 
peaks in the pattern were well match with the PDF card No. 033-0831. Fig. 2c shows well-crystallized Li2TiO3 with 
wider diffraction peaks in comparison with those obtained for ssr powders. The broad peaks in Fig. 2c, indicated the 
fine crystallite size of the Li2TiO3. Using known Scherrer's equation, the crystallite size of the hm samples was 
found to be approximately 21 nm. Based on XRD results (Fig. 2d), the complete transformation of the mixture of 
cubic and hexagonal lithium-titanate phases to the final stable monoclinic Li2TiO3 was performed after heat 
treatment at 700°C. 
 
Fig. 1. XRD pattern of (a) ssr at 800°C for 12; (b) ssr at 800°C for 24 h; (c) hm at 200°C for 12h; (d) hm after heat treatment at 700°C Li2TiO3 
powders. 
3.2. Thermal analysis 
In order to understand the synthesis process of Li2TiO3, TGA/DTA measurements were firstly performed for the 
ssr powder and exhibited decomposition in two steps (Fig. 2a). The first endothermic phenomenon appearing in the 
range of 20-400°C was accompanied by a minimal loss of mass and could be attributed to the disintegration of 
Li2CO3. The next important event from 600 to 1000°C revealed a larger loss of mass (29.8%) associated with an 
endothermic phenomenon, and could be ascribed to the following reaction: 
Li2CO3+TiO2→ Li2TiO3 +CO2. 
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A sharp endothermic peak at about 720°C was due to this reaction. Change of curve slope at about 736°C 
indicated the formation of Li2CO3 from individual oxides in solid-state reaction. The TGA/DTA curve of the hm 
sample (Fig. 2b) revealed a total loss of mass (13.8%) in two steps, which was lower than that of the ssr powder 
(29.8%). The first loss (2.1%) below 200°C was attributed to the release of adsorbed water and removing of 
remaining MeOH solvent. Between 200 and 800°C, the loss of mass could resulted from the decomposition of 
remaining precursor. Several defects, such as hydroxyl ions (OH-), protons (H+) or carbonates (CO32-), are 
incorporated into the lattice during the hydrothermal process at high water pressure, Hennings et al. (2001), 
Kwon,Yoon (2007). These defects stabilize the monoclinic phase, and hence cubic and hexagonal phases 
transformed to monoclinic phase, Arlt et al. (1985), Nowotny and Rekas (1991). 
 
Fig. 2. DTA and TGA curves of (a) ssr Li2TiO3 powder; (b) hm Li2TiO3 powders. 
3.3. SEM and TEM observations 
The SEM micrograph recorded from ssr Li2TiO3 powder after calcination for 24 h at 800°C was shown in Fig. 
3a. The morphology consisted of erratic-like particles exhibiting a noticeable severe agglomeration. The mean hard 
agglomerate size of the powder was determined at approximately 50 µm by laser particle size analyzer. Fig. 3b 
shows the SEM micrograph recorded from hm Li2TiO3 powder synthesized for 12 h at 200°C. The morphology 
consisted of semi-spherical particles indicating a noticeable soft agglomeration. As shown in Fig. 3b, the particle 
size was too low to be determined by a laser particle size analyzer. Thus, this sample was observed by TEM (Fig. 
4a), and exhibited nanoparticles with two type of spherical and regular morphology. The maximum particle size 
measured was less than 120 nm. Measurements of the distance between spot in selected area electron diffraction 
pattern (SAED) (Fig. 4b), revealed the present of the two cubic and hexagonal structures. Fig. 4c shows the TEM 
image of hm Li2TiO3 powder after heat treatment. As can be seen, the resultant powder was agglomerated due to 
encounter with higher temperature as well as a high surface area and reactivity of nanoparticles. As shown in Fig. 
4d, SAED analysis exhibited many rings which attributed to reflections of the monoclinic structure. The observed 
diffraction rings suggest the nanometer size of synthesized powder. 
Fig. 3. SEM micrographs of (a) ssr and (b) hm Li2TiO3 powders. 
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Fig. 4. (a) TEM micrograph of hm; (b) SAD analysis hm; (c) TEM micrograph of hm after heat treatment; (d) SAD analysis hm after heat 
treatment of the Li2TiO3 powders. 
4. Conclusion 
The hydrothermal method can be used successfully for synthesis of the Li2TiO3 powders with nanometer- size 
under moderate conditions. The hydrothermal synthesis of Li2TiO3 powders preferable to solid-state reaction 
method because of the possibility to prepare pure and ultrafine particles. 
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